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Background:  The  aim  of  this  study  was  to  test  the  effect  of different  kilovoltage,  milliampere,  and  exposure
time  settings  on  the  radiopacity  of  two  endodontic  sealers  using  an  image  plate  system.
Materials and  methods:  MM-Seal  (MicroMega,  Besancon,  France)  and  Diaket  (3M  Espe, Seefeld,  Germany)
were  packed  into  a polytetraﬂuoroethylene  ring  mold  with  an  internal  diameter  of 10 mm  and  a depth  of
1  mm.  Five  discs  of  each  material  were  imaged  alongside  an  aluminum  step-wedge.  Sets  of radiographs
were  obtained  using  storage  phosphor  plates  (SPPs).  The  SPPs  were  exposed  at  60,  65, or 70 kVp,  7  or  8  mA
for  0.12  or  0.16  s. Radiographic  densities  of the  sealers  and  each  step  of  the  step-wedge  were  analyzed
with  Image  Tool  3.0  SDK  software  (University  of  Texas  Health  Sciences  Center,  TX, USA).  Three  readings
were  made  for each  image.  The  mean  was  calculated  to  give  the  radiographic  density  expressed  as  mean
gray  values.  Three-way  ANOVA  was  used  to  test  the  differences  in  radiopacity  of  sealers  with  respect  to
kilovoltage,  milliampere,  exposure  time,  and  the  interaction  of  the  three  factors.
Results: No  signiﬁcant  difference  in  sealers’  radiopacity  was  found  with  change  in  three  exposure  param-
eters  (p >  0.05).  However,  standard  deviations  of  the measurements  for lower  exposures  were  greater;
MM-Seal  was signiﬁcantly  more  radiopaque  than  Diaket  (p  <  0.0001)  at any  parameter.
Conclusions:  Differences  in  kilovoltage,  milliampere,  and  exposure  time  do not  affect  the  radiopacity
measurements  of  sealers  on  SPP  images.  However,  choosing  the  proper  exposure  parameters  may  opti-
mize  the  gray  value  range  of  the  sealers  allowing  for better  discrimination  of  the  sealer  and  surrounding
ing  b
 Japanstructures  thereby  provid
© 2012
. Introduction
The degree of radiopacity of root canal sealers is particularly
mportant for endodontists because other than revealing the pres-
nce and extent of root ﬁlling, this feature can disclose the presence
f auxiliary canals, resorptive areas, root fractures, and shape of api-
al foramen in dental radiographs. Yet, in order to distinguish all of
he above-mentioned properties, radiographic density of the root
anal sealer should be at a certain level.
The radiopacity of the root canal sealing materials should be
3 mm equivalent-aluminum as documented by the International
rganization for Standardization (ISO) [1]. It has been demon-
trated in numerous studies that several factors may  affect the
adiodensity of root canal sealers. In addition to the composition
f the material and the type/percentage of the radiopaciﬁer, the
ost signiﬁcant factors contributing to radiographic density were
aterial thickness, exposure settings, angulation of the X-ray beam,
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348-8643/$ – see front matter ©  2012 Japanese Stomatological Society. Published by Els
ttp://dx.doi.org/10.1016/S1348-8643(12)00051-1etter  clinical  guidance.
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type of X-ray sensor, and the method used for measurement of
density.
According to the standardized ISO protocol, an occlusal ﬁlm
(speed D or E) should be irradiated with an aluminum (Al) step-
wedge with X-rays at 65 ± 5 kVp at a target distance of 30 cm.
Nevertheless, exposure time is not stated in the protocol. Recently
digital analysis method has been proposed for the determination
of gray pixel values [2]. Current studies have adopted this method
either using a direct digital technique or by digitizing conventional
ﬁlms. In one of these studies, it was  clearly demonstrated that the
current ISO standard for determination of the radiopacity of den-
tal root canal sealing materials needs additions or modiﬁcations for
electronic imaging [3]. However, most of the studies compared and
discussed the equivalent values for radiopacity of digital and analog
radiographic receptors but none of them tested the change in sealer
opacity with changing exposure parameters using a digital recep-
tor. The only study related to this subject had evaluated the effect
of different exposure times and kilovoltages on the radiopacity of
root canal sealers using an occlusal ﬁlm [4].Therefore, the aim of this study was to test the effect of
change in kilovoltage, milliampere, and exposure time on the radio-
graphic density of two  endodontic sealers using an image plate
system.
evier Ltd. All rights reserved.
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Table  1
Aluminum equivalent values ± standard deviations of two root canal sealers at 3 different exposure time, milliampere, and kilovoltage combinations.
60 kVp 65 kVp 70 kVp
7 mA 8 mA 7 mA  8 mA  7 mA 8 mA
0.12 s
Diaket  2.73 ± 0.64 2.66 ± 0.52 2.74 ± 0.54 2.81 ± 0.51 2.70 ± 0.47 2.80 ± 0.41
MM-Seal  4.81 ± 0.43 4.99 ± 0.33 4.84 ± 0.41 4.89 ± 0.31 4.83 ± 0.33 4.79 ± 0.30
 ± 0.5
 ± 0.3
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Diaket 2.76  ± 0.57 2.87 ± 0.55 2.79
MM-Seal  4.79 ± 0.33 4.88 ± 0.21 4.91
. Materials and methods
.1.  Sample preparation
Two  endodontic sealers were evaluated in this study: Diaket
3M Espe, Seefeld, Germany) and MM-Seal (MicroMega, Besancon,
rance). All procedures were accomplished according to the ISO
rotocol for dental root canal sealing materials-6876/2001 [1].
All  sealers were mixed according to the manufacturers’ instruc-
ions. A polytetraﬂuoroethylene ring mold with an internal
iameter of 10 mm and a depth of 1 mm was placed on a glass slab.
ach material was packed into the mold until it was slightly over-
lled and then covered with another glass slab until it was  set. Five
amples were made of each material. Porosity content of the speci-
ens was checked on radiographic ﬁlms (Ektaspeed-Plus, Eastman
odak, Rochester, NY, USA) using a 10× magnifying scale loupe
Peak., Tokyo, Japan). Those with porosities were excluded from
he study and replaced to provide three homogeneous specimens
f each material.
An  aluminum stepwedge, made of 99.5% pure aluminum and
ith ten 0.5-mm thick incremental steps was used as a standard
or comparison of radiodensity of the test materials and to control
ny variation in exposure and processing.
.2. Digital radiographs
Blue  storage phosphor plates (SPPs) of the Digora Optime sys-
em (Soredex Corporation, Helsinki, Finland) were exposed with a
ental X-ray unit (Anthos, Imola, Italy) with 2.5 mm  Al-equivalent
otal ﬁltration, at 60, 65, and 70 kVp, 7 and 8 mA,  for 0.12 and 0.16 s
sing a standardized focus-to-ﬁlm distance of 30 cm. An optical
ench was used to standardize geometric projection. A total of
eventy-two exposures (3 kVp × 2 mA  × 2 exp. time × 3 samples × 2
ealers) were done for three samples of two different sealers.
xposed plates were scanned immediately after exposure using
igora Optime scanner. The resulting images were transferred to
 personal computer where they were analyzed with dental image
nalysis software (Image Tool 3.0 SDK, University of Texas Health
ciences Center, TX, USA) [5].
.3. Measurement of mean gray values
SPP images were displayed on a 17-in. XGA color monitor
LiteOn, Changzhou, China; 1024 × 768 pixels). The histogram
nalysis function of the software program (Image Tool 3.0 SDK)
eveloped particularly for dental image analysis was  used for the
ensitometric evaluation of the digitized images. First, the area of
nterest (AOI) with a size of approximately 0.86 cm2 was selected
n each step of aluminum stepwedge and its mean gray value cal-
ulated. The same procedure was repeated for each of the test
aterials. Three determinations of radiodensity were made, and
he mean values and standard deviations were calculated. The
esults were expressed as mean gray values (MGV) of each material.5 2.74 ± 0.51 2.71 ± 0.56 2.78 ± 0.46
2 4.89 ± 0.29 4.80 ± 0.30 4.83 ± 0.19
Each  MGV  was  then converted to its aluminum equivalent using
the stepwedge values in Curve Expert 1.3 program [6].
Three-way ANOVA was used to test the differences in radiopac-
ity of sealers with respect to kilovoltage, milliampere, exposure
time, and the interaction of the three factors. Level of signiﬁcance
was set at p < 0.05.
3. Results
MM-Seal was  signiﬁcantly more radiopaque than Diaket
(p < 0.0001) for any parameter. Table 1 shows the mean Al-
equivalent values of the two  sealers under seven different
kilovoltage, milliampere, and exposure time combinations.
Three-way ANOVA did not show signiﬁcant difference in sealers’
radiopacity with change in three exposure parameters (p > 0.05).
However, standard deviations of the measurements for lower expo-
sures were greater (Table 1).
4. Discussion
Currently no guidelines exist for digital X-ray receptors for the
radiopacity evaluation of root canal sealers or any other dental
materials. Although the spectrum of current standards for radiopac-
ity of root canal sealers has been tested for conventional ﬁlm
radiography in a few studies, no studies to date have evaluated
the effect of changing exposure parameters using a digital sensor
[4,7]. This is the ﬁrst study evaluating the effect of three different
exposure parameters on the radiopacity of root canal sealers using
a SPP system.
The  two sealers tested in this study were chosen to represent
the high and low amount of radiopacities commonly encountered
in root canal sealers. Diaket was  chosen because it was previ-
ously proven to be one of the least radiopaque resin-based sealers
using storage phosphor radiography [3]. On the contrary, MM-
Seal was  included to resemble a radiopaque resin-based root canal
sealer and was  a relatively newly introduced material. The low-
est radiopacity requirement for both ISO and American National
Standards Institute/American Dental Association for root canal
sealers is 3 mm  of aluminum [1,8]. According to our results, Diaket
was slightly below this threshold level while MM-Seal was more
radiopaque than the required minimum. Therefore, similar to the
previous reports, Diaket appears to be insufﬁciently radiopaque for
clinical use.
Diaket is a polyvinyl resin-based sealer containing zinc oxide
and bismuth phosphate while MM-Seal contains zirconium
oxide and bismuth subcarbonate to secure radiographic contrast.
Although it was  postulated that different contrasting media are
affected differently by variations in exposure parameters [4], the
change in radiopacity was  not signiﬁcant for both sealers with the
change in exposure times, milliamperes, or kilovoltages used in this
study [4]. However, a slight change was  observed in the radiopacity
values accompanied by an increase in the standard deviation of
the measurements. Therefore, it may  be postulated that minimum
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hanges in exposure parameters do not necessarily change the
verall density of root canal sealers obtained on Digora SPPs.
According  to Langland and Langlais, primary factors inﬂuencing
aterials’ radiopacity include milliampere, exposure time, kilo-
oltage, and source-ﬁlm distance [9]. At this point, it is interesting
o note that none of the standards dictated any strict values for
A and exposure time for the radiopacity evaluations of root canal
ealers. However, it was previously shown that the optimal expo-
ure time for a given target distance varies according to the receptor
ype which in turn maximizes the gray value range of the material
nder evaluation [7]. Accordingly, it was emphasized that the expo-
ure time should be a measure of valuation and should be standard
or each receptor [3]. However, two different exposure times did
ot show any difference at any of the kVp and mA  settings with
espect to the radiopacity of the sealers with the SPPs used in this
tudy. An important characteristic of SPPs is their latitude. Expo-
ure latitude is the extent to which a light-sensitive material can
e overexposed or underexposed and still achieve an acceptable
esult. Latitude depends on the dynamic range and SPPs have the
dvantage of displaying dynamic range larger than 5 orders of mag-
itude in X-ray dose [10]. In other words, SPPs of Digora system can
liminate all under- or over-exposure irrespective of the X-ray dose
hereby providing images of similar quality [11]. Therefore, this
ay be the reason for producing similar radiopacities for different
xposure times and milliamperes since both affect the number of
hotons produced by an X-ray tube. Similar results were reported
y Sabbagh et al. for the radiopacity of resin-based materials using
 similar SPP system [12]. Gu et al. [7] also suggested that varying
he exposure time did not affect the mean radiopacity of various
ental materials using a charged-couple device (CCD).
The  present results demonstrated that two  root canal sealers
sed in the present study produced similar mean gray values at
0, 65, and 70 kVp settings. This result was similar to the results of
adhwani et al. who reported similar aluminum equivalent val-
es for implant restorative cements at both 60 kVp and 70 kVp
ettings [13]. It is well known that low kVp results in more absorp-
ion and less transmission of X-rays thereby resulting in greater
ensity difference (high contrast) in tissues. On the other hand, at
igh kVp scatter radiation increases and adds unwanted density to
mage (fog). Since image receptors in digital imaging are more sen-
itive to scatter radiation than ﬁlms, increasing kVp results in mean
ray value measurements of decreased precision [7]. The present
esults did not display any signiﬁcant difference in the radiopac-
ty of two root canal sealers however, as the kVp was increased,
 slight decrease in MGVs was observed because of the decrease
n blackness of the image due to higher scatter radiation. Accord-
ngly, any ﬂuctations in MGVs would affect the resultant density
alue that may  come to the fore when the material’s opacity needs
o be compared with a given threshold (an approved standard).
Even  though no signiﬁcant difference in MGVs was obtained
ith the change in three different exposure settings, the standard
eviations of measurements for underexposed images were found
o be higher indicating the decreased precision of the measure-
ents. The optimal exposure parameters for a given focus-receptor
istance should maximize the gray-scale range of tissues/materials
n the image. Therefore, although the initial choice of exposure
ime, milliampere, and kilovoltage did not exhibit signiﬁcant dif-
erence on the density, it is important for the maximization of the
esultant gray value range of the root canal sealer which in turn
etermines its adequacy to the ISO standard. The radiopacity of
he root canal sealing materials should be ≥3 mm aluminum as
ocumented by the ISO (ISO 6876/2001) [1]. The results of the
adiopacity studies are evaluated for the eligibility of the seal-
rs according to the ISO standard (6876/2001) [1]. In this respect,
he density values i.e. MGVs are important for the acceptance by
he ISO standard and accordingly slight changes in MGVs may  or
[national 10 (2013) 25– 27 27
may not qualify a sealer as appropriate to a given standard. Con-
sequently, the initial choice of exposure parameters that would
maximize the MGV  of the root canal sealers is important for this
issue and requires further studies for different types of image
receptors.
Nevertheless, it should be kept in mind that the kilovoltage set-
tings used in this study were slightly changed as recommended by
the ISO standard while exposure times and milliampere settings
were subtly changed according to the parameters mostly used in
clinical settings. Therefore, additional studies with higher changes
in the above-mentioned exposure parameters might be necessary
to reveal their further effect on radiopacity measurements.
Since use of ﬁlm radiography is rapidly declining and more dig-
ital systems are adopted in endodontic clinics, studies regarding
radiopacity should include digital receptors. The X-ray ﬁlm tech-
nology has been most widely used to study the radiopacity of many
dental materials and considered as the gold-standard technique
since there is an international standard only for conventional radio-
graphy. It was  reported that correlation exists between the digital
and the conventional methods for the radiopacity evaluation of root
canal sealers and accordingly it was suggested that a new interna-
tionally agreed standard for the determination of the radiopacity of
dental root canal sealing materials for digital radiography should
be employed [3]. Our present results also agree with this assertion.
Although the mean radiopacities of two root canal sealers were
independent of the exposure times, milliamperes, and kilovolt-
ages used, standard deviation of the measurements increased with
decrease in exposure at a ﬁxed focus-receptor distance using the
Digora Optime SPPs. Accordingly, it may  be postulated that choos-
ing the proper exposure parameters may  optimize the gray value
range of the root canal sealer allowing for better discrimination
of the sealer and surrounding structures thereby providing better
clinical guidance.
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